Abstract -Cytotoxic effects of Citrus peel extracts were evaluated in the root meristem cells of Allium cepa. Ethanolic (%80) extracts were tested for antimitotic and genotoxic effects. Each test concentration of Citrus limon and Citrus sinensis extracts significantly reduced the mitotic index. Citrus limon extracts were more effective from Citrus sinensis extracts. Furthermore the extracts shows genotoxic effects such as breaks, bridges, stickiness, pole deviation and micronuclei on root meristem cells but not in very high levels. The effects was directly related to the concentrations of the fruit extracts. These observations shows that Citrus fruit extracts can be harmful for organisms.
INTRODUCTION
Limonoids are a group of chemically related to terpenoids found in Rutaceae and Meliaceae families of the order Rutales. Out of 38 limonoids reported to occur in Citrus and its hybrids (Jayaprakasha et al. 1997) . Limonin is largely responsible for delayed bitterness in Citrus juice and processed Citrus products (Jayaprakasha et al. 1997) .
Limonoids have attracted attention due to their insect antifeedant, growth regulating activity and more recently, their anticarcinogenic and antitumorogenic activity (Jayaprakasha et al. 1997) .
In many Citrus plants limonin and nomilin limonoids are found in very high concentrations. Some of the most exciting applications of limonoids and their derivatives are their use in the treatments of cancers. Limonin and nomilin are limonoids that have been shown succesful in treatments on human tumor cell lines (Poulose et al. 2005; Sawabe et al. 1999; Tada et al. 1999; Cohen et al. 1996; Ahn et al. 1994) .
Many other limonoids of the order Rutales have also been isolated and identified. It was observed that azadirachtin, a limonoid from Meliaceae family, shows antimitotic effects in cultured insect cells and in Allium root tip cells (Ö zmen and Sü mer 2004; Salehzadeh et al. 2003) . Peel extracts from Citrus junos has shown growth inhibtory effect on tested 38 crop species (Fujihara and Shimizu 2003) and an other Citrus fruit peel has inhibited the growth of the roots of lettuce seedlings (Noguchi and Tanaka 2003) . Citrus extracts shows also antimicrobial activities (Cvetnic and Knezevic 2004) .
Extracts of many Citrus species have medicinal properties and therefore are used traditionally in the herbal medicine.
MATERIALS AND METHODS
Extraction: Citrus fruits were purchased from commercially available fruits in market. The peels, including both flavedo end albedo, were seperated from these Citrus fruits and immediately kept into %80 ethanol for a night at room temparature. After extraction ethanol was removed by evaporation. Test concentrations for each Citrus species was prepared which will be happen 25, 50 and 75 gr peel per liter.
Cytotoxic activity -Allium cepa has been used for evaluating chromosomal aberrations since the early 1920's (Grant 1982) . This method is an easy and sensitive tool for measuring the total toxicity caused by chemical treatments as expressed by growth inhibition of the roots of onion bulbs. It has been reported that the results from Allium test fit in well in a test battery composed of procaryotes and /or other eucaryotes (Fiskesjö 1993) . Small onion bulbs are carefully unscaled and cultivated on top of test tubes filled with the peel extracts. Tap water was used as a control, and for dilution of the peel extracts. The test tubes were kept in an incubator at 24 ± 2 o C and the test samples were changed daily. After 72 h the roots were counted and their lengths were measured for each onion. When the newly emerged roots measured 2.0 − 3.0 cm, they were fixed. The fixative was glacial acetic acid/absolute alcohol (1/3 v/v). The root tips were kept in the aceto-alcohol solution for 24 h. After fixation, the slides were prepared for examination or the roots were transferred to % 70 ethyl alcohol and stored in a refrigerator. For examination, the root tips were put into a watch glass to which 9 drops of aceto-orcein and 1 drop of 1 M HCl were added and warmed over a flame of spirit lamp for 2-3 min. These were kept at room temparature for 15-30 min. After removing the root caps from well-stained root tips, 1 mm of the mitotic zones were immersed in a drop of 45% acetic acid on a clean slide and squashed under a cover glass. In order to spread the cells evenly on the surface of the slide, squashing was accomplished with a bouncing action by striking the cover glass with a match stick. Approximately 500 cells were scored for each of 50 slides making a total of between 25,000-26,000 cells for each concentration and control. MI were expressed in terms of divided cells/total cells and the chromosomal aberrations were expressed in terms of aberrant cells/divided cells. A statistical analysis was performed on the collected data. The means of the control and peel extracts were obtained from descriptive analysis and an Independet-samples test was performed to optain P values.
RESULT AND DISCUSSION
The root lenght and number for control and for each Citrus species are given in table 1. Citrus sinensis extracts in different concentrations reduced significantly root number and root lenght when compared with control. Identically Citrus limon extracts reduced root number and root lenght.Citrus limon extracts were more effective on root lenght and number when compared with Citrus sinensis extracts in all concentrations.
This results shows that extracts from Citrus species haves inhibitory effects on root growth and lenght in Allium cepa. In conformity with inhibition and allelopathic effects of Citrus species (Fujihara and Shimizu 2003; Noguchi and Tanaka 2003) it was found that Citrus sinensis and Citrus limon extracts have cytotoxic properties.
In table 2 the mitotic indexes are given for control and for each Citrus species. It is evident Salehzadeh et al. 2003; Sawabe et al. 1999; Tada et al. 1999; Cohen et al. 1996; Ahn et al. 1994) . In conformity to these reports Citrus limon and Citrus sinensis peel extracts contains antimitotic substances. Concentration (g.l) Control
